University of Massachusetts Amherst

ScholarWorks@UMass Amherst
Masters Theses 1911 - February 2014
1996

Spiders (Araneae) in the commercial apple orchards in
Massachusetts.
Joanna Wisniewska
University of Massachusetts Amherst

Follow this and additional works at: https://scholarworks.umass.edu/theses

Wisniewska, Joanna, "Spiders (Araneae) in the commercial apple orchards in Massachusetts." (1996).
Masters Theses 1911 - February 2014. 3074.
Retrieved from https://scholarworks.umass.edu/theses/3074

This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass
Amherst. For more information, please contact scholarworks@library.umass.edu.

SPIDERS (ARANEAE) IN THE COMMERCIAL APPLE ORCHARDS
IN MASSACHUSETTS

A Thesis Presented

by

JOANNA WISNIEWSKA

Submitted to the Graduate School of the
University of Massachusetts Amherst in partial fulfillment
of the requirements for the degree of
MASTER OF SCIENCE
May 1996
Entomology

© Copyright by Joanna Wisniewska 1996
All Rights Reserved

SPIDERS

IN THE COMMERCIAL APPLE ORCHARDS
IN MASSACHUSETTS

A Thesis Presented

by

JOANNA WISNIEWSKA

Approved as to style and content by:

Anne L. Averill, Member

Michael TlPeters,
Entomolo

partment Head

ACKNOWLEDGMENTS
I would like to thank Dr. Anne L. Averill, Dr. Roy G. Van Driesche, Dr. Joseph S. Elkinton, Dr.
Daniel R. Cooley, Dr. David H. Wise, Dr. Susan E. Riechert for their assistance and support in
this work. I would especially like to thank Dr. Ronald J. Prokopy for his help in every aspect of
this research project starting with the defining of appropriate questions and designing and carrying
through the experiments and ending with the writing of the final manuscript. I would also like to
thank my assistants Stella S. Scott and Yanghe Yang as well as Josh Prokopy, Margaret Christie,
Jennifer Mason and other members of the IPM team for their help in collecting data. I gratefully
acknowledge the financial support provided by the Massachusetts Society for Promoting
Agriculture, the USDA Northeast Regional IPM Competitive Grants Program, State/Federal IPM
funds, a Patricia Roberts Harris Fellowship, and a Lotta M. Crabtree Graduate Fellowship in
Agriculture. I am grateful to the following growers for their participation and support: Dana
Clark, Dave Chandler, Dick Gilmore, Tony Lincoln, Wayne Rice, and Joe Sincuk.

IV

TABLE OF CONTENTS
Page
ACKNOWLEDGMENTS.........iv
LIST OF TABLES.........vii
LIST OF FIGURES.......viii
Chapter
1. SPIDERS - A LITERATURE REVIEW..........1
1.1
1.2
1.3
1.4

Description...
Habitat...
Natural Enemies.
Prey.....

1
1
3
3

1.4.1 Prey Capture Strategies and their Implications.......4
1.4.1.1 Web Spinners.4
1.4.1.2 Hunters......5
1.4.2 Prey Availability.5
1.4.3 Spiders’ Potential as Pest Control Agents.....5
1.5 Effect of Pesticides on Spiders.......6
2. EFFECT OF DIFFERENT PESTICIDE REGIMES ON FAUNAL COMPOSITION,
ABUNDANCE AND MEAN BODY LENGTH OF SPIDERS IN COMMERCIAL
APPLE ORCHARDS OF MASSACHUSETTS.... 7
2.1 Introduction...
2.2 Materials and Methods.

7
10

2.2.1 Comparisons Between First-level and Second-level IPM Orchard
Blocks.
...........10
2.2.2 Comparisons Between Second-level IPM and Unsprayed Plots...........12
2.2.3 Analysis of Data.
13
2.3 Results......

14

2.3.1 Comparisons Between First-level and Second-level IPM Orchard
Blocks...
.....14
2.3.3 Comparisons Between Second-level IPM and Unsprayed Plots...25
2.4 Discussion.............38

v

3. EFFECTS OF DIFFERENT GROUND COVER MANAGEMENT PRACTICES
ON SPIDERS IN COMMERCIAL APPLE ORCHARDS IN MASSACHUSETTS.46
3.1
3.2
3.3
3.4

Introduction............46
Materials and Methods............49
Results....
51
Discussion........
61

4. AN EVALUATION OF THE ABILITY OF SPIDERS TO FEED ON ROSE
LEAFHOPPER {Edwardsiana rosae [L.]) PESTS OF APPLE TREES.....................65
4.1 Introduction............65
4.2 Materials and Methods...66
4.2.1 Leaf Test.....67
4.2.2 Branch Test.
68
4.3 Results.

69

4.3.1 Leaf Test.
4.3.2 Branch Test.
4.4 Discussion........
BIBLIOGRAPHY.

vi

69
74
........75
80

LIST OF TABLES
Table

Page

1.

Guild and family composition of spiders in 11 apple orchards in 1992....15

2.

Guild and family composition of spiders in three unsprayed (no pesticides) and
three second-level IPM (pesticides) orchard plots at HRC in 1994 and 1995..28

Vll

LIST OF FIGURES
Figure

Page

1.

Mean numbers of spiders collected per block per sampling occasion in first
-level and second-level IPM blocks in 199land 1992.19

2.

Mean numbers of spiders of each guild collected per block per sampling occasion
in first-level and second-level IPM blocks in 11 orchards in 1992........21

3.

Mean body lengths of spiders collected in first-level and second-level IPM blocks
in 11 orchards in 1992.....23

4.

Mean body lengths of spiders of each guild collected in first-level and
second-level IPM blocks in 11 orchards in 1992......26

5.

Mean numbers of spiders collected per sampling occasion per plot in three
second-level IPM plots and three unsprayed plots at HRC in 1994 and 1995.32

6.

Mean numbers of spiders of each guild collected per sampling occasion per
plot in three second-level IPM plots and three unsprayed plots in 1994 and
1995 at HRC.

34

7.

Mean body lengths and percentages that were adults of spiders collected in
three second-level IPM plots and three unsprayed plots at HRC in 1994 and 1995.36

8.

Mean body lengths of spiders of each guild collected in three second
-level IPM plots and three unsprayed plots in 1994 and 1995 at HRC.39

9.

Relative abundance of spiders in either trees or in ground cover vegetation in
orchard A and orchard B......52

10.

Mean numbers of spiders collected from trees and ground vegetation in
orchard A and orchard B with respect to different ground cover treatments.55

11.

Seasonal trends in spider abundance on trees and ground vegetation in orchard A

12.

Seasonal trends in spider abundance on trees and ground vegetation in orchard B.59

13.

Leaf Test. Cumulative percentages of cups with at least one dead leafhopper
after 24, 48, and 72 hours when spiders were grouped according to family
and body length categories....70

14.

Leaf Test. Cumulative percentages of leafhoppers dead per cup after
24, 48, and 72 hours when spiders were grouped according to family and
body length categories......72

15.

Branch Test. Mean numbers of leafhoppers dead per branch when spiders
were grouped according to family and body length categories...76

viii

.57

CHAPTER 1
SPIDERS - A LITERATURE REVIEW

1.1 Description

Spiders are the order Araneae which consist of the suborders Liphistiomorpha,
Mygalomorpha, and Araneomorpha of which the latter is the most often encountered.
According to Hatley & Macmahon (1980), spider families can be assigned to the following
guilds based on their hunting techniques: (1) nocturnal hunters (build retreats in foliage and
under bark where they remain during the day, coming out at night to hunt; these include
Gnaphosidae Anyphaenidae and Clubionidae); (2) runners (move quickly through shrubs
running down and pouncing on prey; these include Philodromidae); (3) ambushers (sit and wait
to ambush their prey; these include Thomisidae); (4) agile hunters (have good eyesight and are
active hunters; these include Salticidae and Oxyopidae); (5) web builders (build webs in which
they catch their prey; these include Araneidae, Dictinidae, Linyphiidae, Micryphantidae,
Tetragnathidae and Theridiidae).

1.2 Habitat

Spiders are very abundant and they occur in a wide variety of habitats (Foelix 1982).
The physical and biological aspects of a habitat play an important role in determining the
general composition of a spider community (Cherret 1964; Duffey 1966; Stratton et. al. 1979).
Physical aspects of a habitat include: ambient temperature, humidity, wind conditions and
habitat structure. Biological aspects include the surrounding vegetation, predators, parasites,
pathogens and prey.
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Spiders are cold blooded animals. They depend on ambient temperature for energy.
Many web spiders cease building their webs when temperature drops below a critical point. In
addition to short term fluctuations in temperature, in temperate climates, spiders face the issue
of overwintering. Eighty five percent of spider species overwinter in the soil (mainly in leaf
litter). They can either overwinter as adults, nymphs or eggs (Foelix 1982). Ambient
temperature is also important in prey consumption. Since temperature affects the spiders'
metabolic rate, the higher the temperature the higher the rate of prey digestion and
consumption and it has been shown that, in warm climatic conditions, spiders catch more prey
per gram of body weight (Nakamura 1977).

Architectural variation in habitat influences spider abundance and species diversity
(Duffey 1962; Coleboum 1974; Robinson 1981; Rypstra 1983; Greenstone 1984; Gunnarsson
1990). For web building spiders, the environment must provide plenty of attachment sites for
scaffolding of their webs. In addition, sufficient open space must be available either vertically
(for orb webs) or horizontally (for sheet webs). Web spiders thus are not distributed at
random and their population density is necessarily limited (Riechert 1974).

The type of vegetation present also is an important biological aspect of spider habitat.
Often certain spider species are associated with particular plant species (Barnes & Barnes
1955). According to Duffey (1962) vegetation can be classified into four vertical layers: (1)
soil zone (leaf litter, stones, and low herbs up to 15 cm high); (2) field zone (vegetation 15 to
180 cm high); (3) bush zone (shrubs and trees 180 to 450 cm high); (4) wood zone (trees and
tree tops over 450 cm high). Each zone has a characteristic microclimate, various niches for
retreats and a different spectrum of prey animals. Accordingly, spider species may also be
correspondingly stratified (Foelix 1982).
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1.3 Natural Enemies

Other spiders are the main enemies of spiders. They either eat each other or each
other's prey (Foelix 1982). Adults and newly hatched spiderlings prey readily on eggs of
conspecifics as well as those of other spider species (Nyffeler et al. 1990). Among Insects,
Pompilidae wasps hunt spiders exclusively. Mud doubers (Sphecidae) pursue insects as well
as spiders. Some members of the family Ichneumonidae parasitize adults and egg sacs of
spiders. Certain Diptera (i.e., Chloropidae, Sarcophagidae, and Asilidae) feed on spider eggs
and adults. Among amphibians, toads feed most often on spiders (spiders comprise 5% of
toads' diet) (Foelix 1982). Birds do feed on spiders, but they are not very efficient because
they are visually oriented and many spiders are nocturnal, camouflaged and/or spend most of
the time motionless. Among mammals, shrews feed on spiders and spiders constitute 1-2% of
shrews' diet (Foelix 1982).

1.4 Prey

In addition to feeding on other spiders, spiders feed on insects. Size, speed and
hardness of cuticle of an insect are some major criteria determining whether a spider will
consume it (Howell & Pienkowski 1971). Flies and collembola make up the majority of the
diet of most spiders. Because collembola occur in large numbers, they are especially important
to many small spiders (Bristowe 1941). Beetles, grasshoppers, leafhoppers and Lepidoptera
are also abundant sources of prey (Foelix 1982).
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1.4.1 Prey Capture Strategies and their Implications

1.4.1.1 Web Spinners

Spider webs may be regarded as selective filters for potential prey. Insects with well
developed flying abilities and acute eyesight (for example: hoverflies [Syrphidae]) may be able
to avoid webs. Pollinating insects, such as bees, wasps, certain flies and beetles, are rarely
caught in the webs of theridiids and linyphids. On the other hand, plant sucking insects such
as Aphididae, Homoptera, and Thysanoptera are often captured in spider webs (Nentwig 1980;
Nentwig 1982; Nentwig 1983).

In a study of a spider community on Oregon grape (Mahonia aquifolium [Pursh]),
Waldorf (1976) concluded that web size, percent of spiders with webs and proportion of
spiders found feeding increases with spider body length. Waldorf (1976) suggests that
variation in orb web orientation from horizontal, for small webs, to vertical for larger webs
probably explains the increased prey catching success of larger orb weavers. Immature spiders
make small horizontal webs. As they mature, their webs become larger and more vertical.
Horizontal sheet webs, in their relatively protected orientation, produce a slow steady catch
for long periods of time. Orb webs, in their exposed positions, yield a larger catch for shorter
periods of time.

Web spiders are sit and wait predators. However, it is not absolutely true that they
just wait for their prey to arrive; they actively search for sites with the most prey and best sites
for web attachment (Turnbull 1964).

4

1.4.1.2 Hunters

Not all spiders spin webs to obtain food. Hunting spiders actively seek prey by touch
or sight. Using this manner of prey capture, hunting spiders can catch insect species that are
often unavailable to web spinners. In addition to consuming the eggs of conspecifics (an
ability they share with web weavers), hunting spiders are also able to feed on eggs of other
spider species and insects. In North and South America and in Australian agroecosystems and
forests, spiders were most often observed feeding on lepidopteran eggs of the families
Noctuidae, Tortricidae, Lymantriidae, Pyralidae, and Sphingidae and, to a lesser extent, on
coleopteran eggs (Curculionidae). The principal spider families whose members are
predacious on insect eggs are the Salticidae, Oxyopidae, Lycosidae, Clubionidae, and
Anyphaenidae. Newly hatched spiderlings prey readily on spider eggs while later instars tend
to consume insect eggs. Ways in which hunting spiders locate and identify arthropod eggs as
food resource are largely unknown (Nyffeler et al. 1990).

1.4.2 Prey Availability

Spider feeding is proportional to density of potential prey (Waldorf 1976). Many
spider species are able to tolerate fluctuating food availability by consuming a lot of prey
during periods when prey are common. This allows spiders to survive long periods of food
deprivation (Foelix 1982; Nakamura 1977).

1.4.3 Spiders’ Potential as Pest Control Agents

The potential of spiders as pest control agents with special focus on apple orchards is
discussed in the introductions to chapters two and three.
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1.5 Effect of Pesticides on Spiders

The effect of insecticides, acaricides and fungicides on spiders, as illustrated by
laboratory studies and field studies in apple orchards, is discussed in the introduction and
discussion sections of chapter two. The effect of herbicides on spiders is discussed in the
introduction to chapter three.
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CHAPTER 2
EFFECT OF DIFFERENT PESTICIDE REGIMES ON FAUNAL
COMPOSITION, ABUNDANCE AND MEAN BODY LENGTH OF SPIDERS IN
COMMERCIAL APPLE ORCHARDS OF MASSACHUSETTS

2.1 Introduction

Spiders, most of which are territorial, cannibalistic, polyphagous insectivores,
comprise a significant portion of the beneficial natural enemy complex in agroecosystems
(Nyffeler et al. 1994a). The biological control potential of spiders has been the subject of an
ongoing debate (Nyffeler and Benz 1987; Wise 1993; Nyffeler et al. 1994a). Extensive field,
laboratory and computer model studies of spider abundance and diets in agroecosystems
suggest that the collective predation impact of spiders may contribute significantly to the
suppression of insect pests in some field crops and orchards by inflicting substantial densityindependent mortality (Wise 1993; Nyffeler et al. 1994a).

In apple orchards, the extent to which spiders act as pest control agents has not yet
been clearly elucidated. In apple orchards in England, certain spiders, especially small-bodied
species and immature stages, have been found to feed readily on phytophagous orchard mites;
larger-bodied species or individuals often were observed feeding on insects (Chant 1956). In an
apple orchard in Australia, spiders (supported for a short period of time by chrysopids and
mirids) were able to suppress populations of light brown apple moth larvae (Epiphyas
postvittana Walker) to an equivalent of less than 1% of total eggs laid (MacLellan 1973). In

apple orchards in Israel, larval populations of Spodoptera littoralis (Boisduval) did not
develop to damaging levels on apple trees on which spiders were permitted to forage freely; but
on those trees from which spiders were mechanically “eliminated,” damage was significant
(Mansour et al. 1980). In laboratory feeding tests, spiders (Philodromidae, Salticidae and
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Theridiidae) found in apple orchards of central Virginia readily consumed the most common
foliar orchard pests, which were leafhoppers, aphids and thrips (McCaffrey and Horsburgh
1980). Finally, spiders (Philodromidae and Salticidae) found in the orchard blocks studied
here were observed to feed on rose leafhoppers (Edwardsiana rosae L.), one of the common
late season pests of apple (see Chapter 3).

Synthetic insecticides and acaricides that are used to control arthropod pests in the
majority of crops in the United States may have a very negative effect on spiders by
suppressing their numbers through poisoning (Kiritani 1976; Luczak 1979; Nyffeler 1982;
Mansour and Nentwig 1988; Andersen 1990; Dinter and Poehling 1995). According to a
laboratory study by Mansour and Nentwig (1988) on juvenile and adult hunting spiders
(Philodromus sp. and Chiracanthium sp.) and web builders {Argiope sp. and Linpyhia sp.),

pesticides most toxic to spiders are acaricides (cyhexatin, flubenzimine, dicofol and
azocyclotin) and chlorinated hydrocarbon insecticides (including endosulfan), followed by
pyrethrioid, organophosphate and carbamate insecticides. According to Cocquempot et al.
(1991), some insecticides, specifically deltamethim, dimethoate and phosalone, do not cause
substantial spider mortality but can greatly disturb spider predatory activity over a variable
period of time depending upon the insecticide and the spider species involved. In addition to
causing mortality, pyrethroids (specifically fenvalerate and lambda-cyhalothrin), when applied
at low doses, can inhibit spiderlings’ emergence from cocoons (lambda-cyhalothrin) and delay
web building activity (both insecticides) (Dinter and Poehling 1995). Fungicides, such as
bupirimate, dinocap, maneb, metiram complex, prochloraz, prochloraz-Mn complex,
propamacarb hydrochloride and thiram, have been shown not to be toxic to spiders (Mansour
and Nentwig 1988). In apple orchards, spider abundance has been found to be lower where
insecticides were used than in orchards blocks where insecticides were not applied (Chant
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1956; Dondale et al. 1979; Madsen and Madsen 1982; McCaffrey and Horsburgh 1980;
Bostanian et al. 1984; Mansour 1987; Olszak et al. unpublished manuscript). Additionally,
apple orchards treated with insecticides have exhibited decreased spider species diversity as
compared to untreated orchards (Chant 1956; Specht and Dondale 1960; Legner and Oatman
1964; McCaffrey and Horsburgh 1980).

One way in which the number of applications of broad spectrum insecticides can be
effectively reduced or even eliminated is through the implementation of integrated pest
management (IPM). IPM can be conceived as coordinated use of multiple tactics to enhance
stable crop production, while maintaining pest damage below injurious levels and minimizing
hazards to humans , animals, plants, and the environment (Dover 1985). According to
Prokopy (1993), true integration of orchard pest management practices can be viewed in terms
of progress from first-level IPM (which entails use of ecologically sound multiple management
tactics for a single class of pests, such as arthropods, diseases, weeds or vertebrates) to
second-level IPM (which involves integration of multiple management practices across all
classes of pests) to third-level IPM (which calls for integration of combined pest management
approaches with the entire system of crop production).

From 1991-1994, the outcomes of second-level and first-level IPM practices were
compared in several Massachusetts commercial apple orchards (Prokopy et al., 1996). The
principal approach taken to implement second-level IPM involved application of insecticides,
fungicides and herbicides in April and May for control of early-season pests; from early June
to September, cultural, behavioral and biological pest controls were substituted for pesticides
wherever possible. One of the principal reasons for engaging in second-level IPM in apple
orchards is to allow populations of beneficial predators and parasitoids to increase sufficiently
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after May to control summer populations of foliar pests. Spiders may be among such
predators. As mentioned above, insecticides are known to have negative effects on the numbers
and diversity of spiders in apple orchards. Therefore, I hypothesized that second-level IPM
practices should contribute to the proliferation of spiders in Massachusetts apple orchards after
May. On the other hand, insecticide applications in spring may have a strong detrimental
effect on spiders that are univoltine and territorial, so that even in orchards managed under
second-level IPM, spider populations may not be able to increase during summer to a level
sufficient to provide meaningful biological control of orchard pests.

The main objective of this study was to determine the effect of different pesticide
application regimes on the faunal composition and seasonal trends of abundance and mean
body length of spiders in commercial apple orchards of Massachusetts. In 1991 and 1992,1
assessed spider populations in blocks of apple trees under second-level compared with firstlevel IPM practices. In 1994 and 1995,1 compared spider populations in apple orchard plots
where no pesticides were applied with those in second-level IPM plots.

2.2 Materials and Methods

2.2.1 Comparisons Between First-level and Second-level IPM Orchard Blocks

I sampled spiders in 11 commercial apple orchards in Massachusetts in 1991 and
1992. Each orchard contained a 3-4 ha block under second-level IPM and a nearby 3-4 ha
block under grower-supervised first-level IPM. The orchards consisted mostly of McIntosh
and Red Delicious trees that were 4-5 m tall and had canopies approximately 4 m in diameter.
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In 1991, azinphosmethyl, phosmet, and endosulfan and in 1992 azinphosmethyl,
phosmet and either endosulfan, diflubenzuron, oxamyl or methomyl were used in both types of
blocks through early June to control early-season insect pests. After early June, second-level
IPM blocks received no insecticides whereas first-level IPM blocks received an average of
about three sprays of azinphosmethyl or phosmet (during July and August). Each year,
horticultural oil was applied twice during the pre-bloom period to all blocks for control of
overwintering eggs of the European red mite, Panonychus ulmi (Koch). In mid or late June of
1991, propargite was applied once to each of the 11 first-level IPM blocks and once to six of
the 11 second-level IPM blocks to control motile mites. In 1992, no acaricide was applied to
any blocks after pre-bloom oil spray. Unlike some acaricides (Mansour and Nentwig 1988),
propargite caused no toxicity to at least one common araneid spider species (Araniella
displicata [Hentz], found in the orchards studied here (Wisniewska et al. 1993). All blocks

were sprayed with a thinner (carbaryl) in late May. From mid-April to early June each year,
all blocks were treated approximately every ten days with one or more of seven different kinds
of fungicide (benomyl, dodine, fenarimol, mancozeb, metiram, mycobutanil or thiophanatemethyl). In July and August each year, the fungicides cap tan and thiophanate-methyl were
applied every three weeks in all blocks. In all blocks in both years, the herbicides glyphosate,
paraquat or simazine were applied beneath the trees in May. All pesticides were applied at
field-recommended rates (Anony. 1993).

I collected spiders every two weeks in each block from early July to early September in
1991 and from early July to late September in 1992. Spiders were sampled by tapping two
branches per tree twice with a rubber mallet over a 0.5 x 0.5 m cloth tray. On each sampling
occasion, collections were made from 10:00 to 15:00 h, during which time period spider
abundance and family distribution do not vary significantly over time (Wisniewska and
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Prokopy. unpublished data). I sampled 20 trees per block at random on each occasion. In
1991, collected spiders were counted and released. In 1992,1 preserved collected spiders in
70% ethanol and transported them to the laboratory for identification and body length
measurement. Adult spiders were identified to species level using keys developed by Kaston
(1948, 1978). No keys are available to identify immature spiders to species; but using the
above keys, I was able to identify the immatures to family and sometimes to genus. I
measured spider body lengths using a dissecting microscope. Measurements were taken from
the tips of spinnerets to the tips of chelicerae.

2.2.2 Comparisons Between Second-level IPM and Unsprayed Plots

In this study, conducted in 1994 and 1995,1 employed three apple orchard blocks (A,
B, and C) located at the Horticultural Research Center of the University of Massachusetts
(HRC ) in Belchertown, MA. Block A consisted of 216 Red Delicious and McIntosh trees
arranged in 12 rows. The trees were about 3 m tall and had canopies of about 2 m diam.
Blocks B and C consisted of Golden Delicious and McIntosh trees that were approximately 5
m tall and had canopies of about 4 m diam. Block B was composed of 150 trees arranged in
five rows. Block C consisted of 40 trees arranged in five rows.

Each block was divided into two plots, each containing the same number of each
cultivar of trees. In each block each year, no pesticides were applied to one of the plots while
the other plot (second-level IPM plot) did receive pesticides applied at field-recommended rates
(Anony. 1993). In 1994, these included the insecticide azinphosmethyl (applied 27 May and 2
June), the fungicide mancozeb (applied 30 April and 23 June), a combination of mancozeb and
fenarimol (applied 18 May, 27 May and 2 June), and a combination of captan and benomyl
(applied 8 August). In 1995, the second-level IPM plots again received azinphsomethyl
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(applied 27 May and 2 June) and the fungicide mancozeb (applied 24 April, 7 May and 27
May). No acaricides, herbicides or thinning sprays were applied to any plots in either year.

Each year I collected spiders from 20 trees per plot per sampling occasion by branch
tapping as described above. The sampling dates each year were 23 May, 14 June, 6 July, and
30 July. I preserved all spiders in 70% ethanol and transported them to the laboratory, where
they were measured and identified as described above.

2.2.3 Analysis of Data

I compared numbers of spiders on trees in different treatments and at different times of
season using the SAS general linear model procedure (SAS Institute Inc., SAS Circle; Box
8000; Cary, NC 27512-8000). I used the same procedure to analyze spider body length data.
I employed the Bonferroni t multiple comparison procedure (Dunn 1961) to identify
statistically significant differences between treatments in terms of mean numbers and body
lengths of spiders collected on specific dates.

Because spiders of different families varied extensively in number (Tables 1 and 2),
for the purpose of data analysis and graphical representation, I grouped all spiders into four
guilds according to foraging behaviors as described by Hatley and Macmahon (1980) and
Nyffeler et al. (1994b). The guilds were:

(1) Active Nocturnal Hunters: hunting spiders that forage at night. During the day, they build
retreats in foliage and under bark where they remain until sunset. In the present study, this
guild was composed entirely of Anyphaenidae.

(2) Ambushers and Runners: hunting spiders that are not visually oriented. Instead, they
depend mostly on olfactory and vibrational signals to find their prey during both day and night.
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In the present study, this guild included principally the crab spiders (Thomisidae and
Philodromidae). Thomisidae lie motionless awaiting to ambush prey. Philodromidae move
quickly through foliage pursuing and pouncing on prey. Both Thomisidae and Philodromidae
can also search actively for insect eggs.

(3) Visual Hunters: agile hunters with good eyesight (Oxyopidae and Salticidae). Salticidae
hunt strictly during daylight. Oxyopidae can forage during day and night.

(4) Web Builders: spiders that rely on their webs to capture prey. This guild includes orb
weavers (Araneidae and Tetragnathidae), spinners of irregular snares (Dictynidae and
Theridiidae), and platform/ dome like web spinners (Linyphiidae and Micryphantidae).

I also grouped spiders into two larger guilds: one composed of all hunting spiders and
one consisting of all web builders. I looked for differences in guild and family compositions
between the different treatments (first versus second-level IPM in 1991 and 1992, and
pesticide-free versus second-level IPM in 1994 and 1995) using SAS CATMOD and FREQ
procedures.

2.3 Results

2.3.1 Comparisons Between First-level and Second-level IPM Orchard Blocks

There were no significant differences in spider guild composition between first-level
and second-level IPM blocks. As shown in Table 1, the most abundant spiders collected from
trees in first-level and second-level IPM blocks in the 11 orchards in 1992 were Salticidae
(37.4%), Philodromidae (20.8%), Anyphaenidae (12.9%), Theridiidae (10.7%), and Araneidae
(7.9%). Thomisidae, Oxyopidae (Oxyopes salticus Hentz), Dictynidae (Dictyna sublata
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Hentz), Linyphiidae, Tetragnathidae, and Micryphantidae were also present but not so
common. Overall, Visual Hunters were the most abundant spider guild and hunting spiders
comprised the majority (78%) of all spiders sampled in these orchards.

In both years, spider numbers increased over the course of the season (Fig. 1A and B).
Level of IPM practice and time of season accounted for 47 percent of the variation in mean
number of spiders per block. There was also a significant interaction between level of IPM
and time of season (p = 0.0001). In 1991, the mean number of spiders sampled increased from
one spider per block in each treatment in early July to an average of five in first-level and 18 in
second-level IPM blocks in early September (Fig. 1A). In 1992, the mean number of spiders
again increased from one spider per block in early July to an average of eight in first-level and
25 in second-level IPM blocks in late September (Fig. IB). Differences in mean numbers of
spiders per block between the two IPM levels became statistically significant in September
(1991 only). When spiders were grouped into four guilds based on their predatory behaviors,
for all guilds there were more spiders in second-level than in the first-level blocks (Table 1).
Active Nocturnal Hunters was the only guild which did not follow an upward trend of
abundance with time (Fig. 2). The three remaining guilds showed a numerically (but not
statistically) greater increase in abundance in second-level than in first-level IPM blocks (Fig.

2).

Overall mean body lengths of spiders did not differ between first-level and secondlevel IPM blocks for any sampling date (p = 0.71; overall mean = 2.5 mm). On 20 July,
spiders in first-level IPM blocks had a greater mean body length than those in second-level
IPM blocks but this result was not statistically significant (Fig. 3). I found the largest spiders
at the beginning of the sampling period (early July), smallest spiders in early August and
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Figure 1. Mean numbers of spiders collected per block per sampling occasion in
first-level and second-level IPM blocks in 1991 (A) and 1992 (B). On
each sampling occasion in each block, spiders were collected from 20
trees by tapping two branches per tree twice with a rubber mallet over
a 0.5 x 0.5 m cloth tray. Stars mark collection periods where the
difference between first-level and second-level IPM blocks was
statistically significant at a = 0.05 (Bonferroni t multiple comparison
procedure). Error bars indicate standard errors of the means.
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Collection Period

20

Mean Number of Spiders per Block

(Philodromidae and Thomisidae). Visual Hunters include Salticidae and Oxyopidae. Web Builders include Araneidae,

11 orchards in 1992. Active Nocturnal Hunters include Anyphaenidae. Ambushers and Runners include mostly crab spiders

Figure 2. Mean numbers of spiders of each guild collected per block per sampling occasion in first-level and second-level IPM blocks in
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Figure 3. Mean body lengths of spiders collected in first-level and second-level
IPM blocks in 11 orchards in 1992. There was no significant difference
in mean body length of spiders between first-level and second-level
IPM blocks for any of the collection periods. Error bars indicate
standard errors of the means. See legend of Fig. 1 for a description of
spider collection method.
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Mean Body Length (mm)

4.0

Collection Period
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progressively larger spiders with the advance of the season (Fig. 3). As shown in Fig. 4, the
increase of body length with time was most pronounced for Active Nocturnal Hunters (the
spider guild composed entirely of Anyphaenidae: Aysha gracillis Hentz and Anyphaena spp.).
Visual Hunters was the guild most responsible for large body length at the beginning of the
sampling period. Body lengths of Web Builders and Ambushers and Runners fluctuated
throughout the season.

2.3.3 Comparisons Between Second-level IPM and Unsprayed Plots

The guild composition of spiders did not differ significantly between the second-level
IPM and unsprayed plots. Neither did the relative distributions of hunters and Web Builders
differ significantly between the two types of plots. The family distributions of spiders
collected from both types of plots in 1994 and 1995 (Table 2) differed slightly from those of
the 11 orchards studied in 1992 (Table 1). As shown in Table 2, the most common spiders in
the plots were not salticids (19.6%) but philodromids (37.0%). Furthermore, Dictynidae were
much more common in the plots (4.6%) than in the 11 orchards studied in 1992 (0.6%).
However, similar to the 11 orchards studied in 1992, Salticidae and Philodromidae were
followed by Theridiidae (15.9%), Anyphaenidae (10.8%), and Araneidae (6.4%) in family
abundance. Thomisidae, Oxyopidae (O. salticus), Micryphantidae, Linyphiidae, and
Tetragnathidae were present but uncommon. Differences in family composition influenced the
guild composition: as opposed to Visual Hunters being the most common guild in the 11
orchards studied in 1992, Ambushers and Runners dominated the plots studied in 1994 and
1995.
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6-Jul

20-Jul

6-Jul

20-Jul

Collection Period

3-Aug 17-Aug 31-Aug 14-Sept 28-Sept

—first-level IPM
-second-level IPM

3-Aug 17-Aug 31-Aug 14-Sept 28-Sept
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sampled per plot per sampling occasion in a manner identical to that described in the legend of Table 1.

plots at HRC in 1994 and 1995. Each plot was sampled on four different occasions in 1994 and 1995. Twenty trees were

Table 2. Guild and family composition of spiders in three unsprayed (no pesticides) and three second-level IPM (pesticides) orchard
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Theridiidae

Theridion spp. including:
T. glaucescens Becker, T. differens Emerton,
T. frondeum Hentz, T. lyra Hentz,

119

19,5

54

11,3

173

O
00

i-H
O

fS

VO

1-1

o

tVO

30

15.9

When I analyzed data separately for each sampling season, I found no significant
differences in spider abundance and mean body length on any of the sampling dates. However,
when I combined the 1994 and 1995 data, several significant differences became apparent. In
late May (just before insecticide was applied), sampled spider numbers in the three orchard
blocks were approximately the same in the two types of plots (13 per plot). After two
insecticide treatments were applied to the second-level plots in late May and early June, the
mean number of spiders in these plots dropped to almost zero (14 June), whereas it remained
approximately the same in the unsprayed plots. By 6 July, spider numbers in both types of
plots increased but there were twice as many spiders in the unsprayed plots. Finally, by 30
July, spider numbers reached an average of 62 per plot in second-level IPM plots and 72 per
plot in the unsprayed plots (Fig. 5). This trend was followed most closely by the Visual
Hunters (families Salticidae and Oxyopidae)(Fig. 6). The number of Web Builders
(Araneidae, Theridiidae, Dictynidae and Linyphiidae) also increased over the course of the
season. Ambushers and Runners (Philodromidae and Thomisidae) experienced a drop in
numbers in early June in both treatments. The numbers of Active Nocturnal Hunters
(Anyphaenidae) did not increase between 6 July and 30 July (Fig. 6).

Overall mean body lengths of spiders differed significantly between second-level IPM
and unsprayed plots (overall mean for second-level IPM plots was 1.8 mm and for unsprayed
plots was 2.0 mm). Treatment and collection date accounted for 12% of the variation in spider
body length. There was a significant interaction between treatment and spider body length (p
= 0.02). I found the largest spiders at the beginning of the sampling period (late May) and the
smallest spiders in late July (Fig. 7). By 14 June, mean spider body length increased slightly in
the unsprayed plots and remained the same in the sprayed plots. By 6 July, mean body length
declined substantially in both types of plots but was significantly greater in the unsprayed
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Figure 5. Mean numbers of spiders collected per sampling occasion per plot in
three second-level IPM plots and three unsprayed plots at HRC in
1994 and 1995. On each sampling occasion, spiders were collected
from 20 trees per plot by tapping two branches per tree twice with a
rubber mallet over a 0.5 x 0.5 m cloth tray. Stars mark collection dates
where the difference between the unsprayed and second-level IPM
plots was statistically significant at a = 0.05 (Bonferroni t multiple
comparison procedure). Error bars indicate standard errors of the
means.
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34

unsprayed plots in numbers of spiders collected. Error bars indicate standard errors of the means. See legend of Fig. 2 for a

plots in 1994 and 1995 at HRC. For no guild on no sampling date was there a significant difference between second-level IPM and

Figure 6. Mean numbers of spiders of each guild collected per sampling occasion per plot in three second-level IPM plots and three unsprayed
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second-level IPM (insecticides applied in late May and early June)

>%

£

Figure 7. Mean body lengths (left axis) and percentages that were adults (right
axis) of spiders collected in three second-level IPM plots and three
unsprayed plots at HRC in 1994 and 1995. Stars mark collection
periods where the difference Figure in spider body lengths between
unsprayed and second-level IPM plots was statistically significant at
a = 0.05 (Bonferroni t multiple comparison procedure). Error bars
indicate standard errors of the means for mean body lengths. See
legend of Fig. 5 for a description of spider collection method.
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Percent of Adults in the Sample
Collection Date

MEAN BODY LENGTH
A

no pesticides
Hi _ second-level IPM (insecticides applied in late May and early June)

PERCENT THAT ARE ADULTS
•A • no pesticides
--O" second-level IPM (insecticides applied in late May and early June)
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plots. By 30 July, mean body length declined still further in the unsprayed plots, with no
difference between the two plot types. This trend was followed by all spider guilds except for
the Active Nocturnal Hunters (Anyphaenidae), whose body lengths increased markedly
between 6 July and 30 July (no anyphaenids were found in late May and very few in early
June) (Fig. 8).

The proportion of adults in the unsprayed plots was slightly and not significantly
greater than in the sprayed plots before pesticides were applied (Fig. 7). After pesticides were
applied in the treated plots, the proportion of adults dropped from 43% to 32%. It increased
from 58%to61%inthe untreated plots. By 6 July, the proportion of adults in both types of
plots decreased to approximately 15 percent of all spiders found per treatment. By 30 July,
there were no adults in the second-level IPM plots and only 5 percent in the unsprayed plots.

2.4 Discussion
Both in 1991 and 1992, spiders were about three times more abundant in second-level
than in first-level commercial orchard IPM blocks by the end of the growing season (in
September). This suggests that elimination of insecticide use after early June (made possible
by substitution of behavioral, cultural, and biological pest management methods for
pesticides) allowed for an increased spider population density late in the season. Furthermore,
when all pesticides were eliminated from the three orchard plots at HRC in 1994 and 1995,
spider abundance in mid-June and early-July was higher in the unsprayed plots than in the
second-level IPM plots. This indicates that even if insecticides are applied only early in the
season (late May and early June), spider abundance may be significantly reduced in the few
weeks immediately following the spraying. These findings tend to support a conclusion made
by Bostanian et al. (1984 and personal communication) for apple orchards of Quebec: spider
density peaks in late September if spraying of insecticide continues until mid June or early
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second-level IPM (insecticides applied in late May and early June)

no pesticides

Collection Date

July; if insecticide applications cease by early June, spider numbers increase significantly by
mid-August.

Broad spectrum insecticides are highly toxic to apple orchard spiders, as revealed in
laboratory tests by Wisniewska et al. (1993) and studies of Mansour et al. (1980), Madsen and
Madsen (1982) and Bostanian et al. (1984). The decreased numbers of spiders in first-level
IPM blocks that received insecticides during July and August of 1991 and 1992 and in the
second-level IPM plots that were sprayed during late May and early June of 1994 and 1995
may have been due not only to direct contact toxicity of insecticides to spiders but also to (a)
insecticides acting as a repellent to spiders, (b) toxicity to spiders of prey feeding on
insecticide-treated plant material, (c) lack of prey insects (as a result of prey being killed or
driven away by pesticide), (d) destruction of webs by turbulence created by spraying, or (e) a
combination of these and other factors.

I believe that fungicides, applied throughout the season in both first-level and secondlevel IPM blocks, did not have a pronounced effect on the abundance of spiders. This belief is
supported by laboratory tests that showed no contact toxicity of the most common fungicides
used in the orchards (mancozeb, benomyl, and captan) on a web builder, A. displicata,
abundant in the orchards I studied here (Wisniewska and Prokopy, unpublished data).
Moreover, none of the nine fungicides tested by Mansour and Nentwig (1988) had a toxic
effect on spiders. In a study by Legner and Oatman (1964) of apple orchard spiders in
Wisconsin, application of the fungicide captan actually lead to an increase in numbers of
hunting spiders. These authors speculated that this was probably due to the more abundant
and lush foliage in the fungicide treated areas, providing a more complex hunting habitat for
spiders.
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My studies did not show a pronounced difference in guild and family composition of
spiders as a result of reduced sprays. The effect of spraying on the diversity of spiders may be
underestimated because most specimens were immatures and, for this reason, could not be
identified to species or (often) even to genus level. Species diversity of spiders may be quite
important if spiders are to be effective as pest control agents. Orchard spiders exhibit specific
habitat preferences, thereby segregating a tree into numerous niches. Since different orchard
pests occupy different niches, different spider species may act in a complementary manner to
suppress such insect pest populations (McCaffrey and Horsburgh, 1980).

The majority (78%) of spiders collected in both first-level and second-level IPM
blocks was hunting spiders. Hunting spiders comprised 69% of all individuals found in
unsprayed plots and 75% of spiders collected in second-level IPM plots at HRC in 1994 and
1995. As opposed to these findings, Chant (1956), Specht and Dondale (1960), Legner and
Oatman (1964), and Bostanian et al. (1984) reported that in commercial orchards that received
a full complement of season-long pesticide applications, the density of web-building spider
species exceeded that of hunting species. According to Bostanian et al. (1984), the density of
hunting spiders was higher than the density of web-builders in apple orchards sprayed with
fungicides only. However, they observed the opposite pattern in orchards sprayed with both
fungicides and insecticides. This may have been because hunting spiders were more
susceptible to insecticides and/or because hunting species were more mobile than web-weavers
and were repelled in greater numbers from pesticide-treated trees. McCaffrey and Horsburgh
(1980), however, observed that proportions of hunting spiders in all but one of the five
commercial apple orchards studied in central Virginia were similar to those in an abandoned
orchard. They suggested that care should be taken when making comparisons of spider
numbers and proportions from one orchard to another. Some spiders, particularly hunting
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species, are capable of moving form one habitat stratum to another in search of food. Factors
that influence spider numbers and proportions in any orchard, irrespective of the use of
insecticides, include tree size, vigor, age and cultivar, ground cover, and prey densities.
Another factor to consider is the effect of air-blast sprayers used to apply insecticides. The
reduced proportion of web building spiders observed in four of the five apple orchards studied
by McCaffrey and Horsburgh (1980) may be attributed to mechanical disturbance induced by
high winds generated by an air-blast sprayer. The four orchards consisted of smaller and
better pruned trees than the one orchard which did show a lower proportion of hunters being
present after spraying. The larger and insufficiently pruned trees in this orchard may have
provided greater protection from air-blast disturbance and from direct contact with pesticides
by web-weavers. All orchards in my study were composed of well pruned trees.

Spider body length is related to spider body size which, as mentioned above, affects
the types of prey a given individual will consume (small species and immature stages of spiders
tend to feed on phytophagous orchard mites; larger spiders often feed on insects). Therefore,
differences in average spider body length between different treatments (first-level IPM,
second-level IPM, no pesticides) may result in differences in the types of orchard pests that the
spiders most commonly consume. Average body length of spiders did not differ between firstlevel and second-level IPM blocks, except in mid July where, surprisingly, it was higher for the
first-level blocks (Fig. 3). This difference was due to a small number of crab spiders
(Ambushers and Runners) (see Fig. 4) and probably was not biologically meaningful.

On the other hand, average body lengths of spiders were significantly different between
unsprayed and second-level IPM plots in the orchard blocks studied in 1994 and 1995. This
result was probably due to the killing of the adults with insecticides applied early in the season.
As shown in Fig. 7, the percentage of adult spiders decreased in the sprayed plots and
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increased in the unsprayed plots after pesticides were applied. By 6 July, the percentage of
adults decreased markedly in both types of plots, and by 30 July, it was zero in second-level
plots and only four in unsprayed plots, probably due to the adults dying and/ or emigrating
from the trees and/or to immatures migrating into the orchards and hatching from eggsacs
deposited by adults. By 30 July, I observed no difference in average body lengths of spiders
collected in both types of plots.

I suggest that the killing of adults overwintering in orchards via early season
insecticide applications reduces the numbers of spiders reproducing within orchards, leading to
a decrease in the resident spider fauna later in the season. I also suggest that most spiders I
observed in first-level and second-level IPM orchard blocks later in the season were migrants
arriving through the air from neighboring and distant habitats. These spiders were either small
adults (very few) or immature individuals (most spiders). This conclusion is supported by
Chant (1956), who proposed that spider fauna in pesticide-treated orchards is mostly
comprised of individuals immigrating from surrounding woods and hedges. In unsprayed
orchards, on the other hand, many spider species seem to be indigenous and "frequently the
species comprising the populations in the orchards and those in the surrounding hedgerows and
copses are very different" (Chant 1956). It follows that in unsprayed orchards, spiders are
likely to be abundant throughout the year, many species passing the winter in exposed
conditions on the bark and twigs of apple trees. These indigenous species might specialize on
orchard pests, predators, or neutral arthropods. Their constant presence may be a significant
factor contributing to biological control of orchard pests.

The results of my study clearly indicate that insecticides, even when applied only early
in the season, have a marked effect on spider abundance in commercial apple orchards in
Massachusetts. This is most likely due to the killing of overwintering adult and penultimate
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resident spiders, after which the majority of spiders in orchards are small individuals that
immigrated to the trees later in the season. This may affect the role spiders play in reducing
numbers of arthropod pests in orchards by (a) spiders becoming abundant only much later in
the season, and (b) spiders being small and therefore consuming only small prey such as mites.
Several questions still remain to be answered. For example, is an increased number of spiders
in second-level IPM blocks, as opposed to first-level IPM blocks, great enough to contribute
significantly to biological control of arthropod orchard pests? If it is not, then would a
withdrawal of all (even early season) insecticide applications result in an increased potential of
spiders to control orchard pests? To what extent would this potential enhance effectiveness of
IPM programs for apple orchards? These questions should be addressed in future studies.
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CHAPTER 3
EFFECTS OF DIFFERENT GROUND COVER MANAGEMENT PRACTICES ON
SPIDERS IN COMMERCIAL APPLE ORCHARDS IN MASSACHUSETTS

3.1 Introduction

Spiders can be important predators contributing to limitation of insect pests in field
crops and orchards by inflicting substantial density-independent mortality (Wise 1993). The
physical structure of a spider’s habitat, which includes both living vegetation and plant debris,
can profoundly affect the community composition and abundance of spiders (Dobel et al.
1990; Greenstone 1984; Hatley and MacMahon 1980; Wise 1993). Number and community
composition, in turn, can affect ability of spiders to limit populations of arthropod pests
(Provencher and Vickery 1988). In agricultural systems, the physical structure of the
environment is determined by the nature of the crop, weeds or other plants growing within or
nearby the crop, and ways in which weeds are managed (through cultivation, mowing,
mulching, or use of herbicides).

Weeds in areas adjacent to crops can provide shelter for spiders and other natural
enemies, which may result in an increase in their abundance in the crop. For example, Ahmed
and Darwish (1991) found that presence of weeds in a com field coincided with higher
populations of natural enemies (including spiders) in the crop.

On the other hand, weeds in areas adjacent to crops may harbor high densities of prey
types that are favored by some predators, which may result in predator aggregation in weeds
rather than in the crop (Abies et. al. 1978). This, in turn, may have a negative effect on the
control of pest insects. When Riechert and Bishop (1990) planted flowering plants between
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rows of vegetables, they did not observe an increase in spider densities on the vegetable plants
they studied. They concluded that the type of weeds in adjacent areas may therefore affect
their usefulness in conserving natural enemies. If natural enemies such as spiders do aggregate
in weeds, mowing (of neighboring weeds) may be utilized as a useful crop pest management
tactic because it is likely to cause spider emigration from weeds to the neighboring crop
(Nyffeler and Breene 1990). In a meadow, Nentwig (1988) observed greater spider abundance
following strip management that involved alternate strips of mowed and unmowed hay
meadow. He inferred that such conservation of predators (especially spiders) reduced
phytophagous insects in meadows in which this strip harvest method was used.

Mulching is a weed control method that has been successfully utilized in many
agricultural systems. In addition to preventing weeds from growing and slowing the
evaporation of water from the ground, mulch can provide shelter for natural enemies such as
spiders. In a garden system, Riechert and Bishop (1990) showed that presence of hay mulch
between rows of vegetables contributed to increased numbers of spiders and positively affected
biological control of insects grazing on the vegetables. As shown by Riechert (personal
communication), spider densities in rice fields of Hunan Province of China were effectively
increased by providing bamboo retreats where the predators found shelter during hot days.
This resulted in increased spider predation on pest insects leading to a 60% reduction in
pesticide use.

Application of herbicides is the most common method of weed control used in modem
agriculture. The effect of herbicides on spiders has not been well studied. Herbicides have
been shown to reduce populations of soil-dwelling spiders and other highly mobile, predacious
soil-dwelling arthropods such as beetles and ants (Eijsackers and Van de Bund 1980). This is
because the life styles of such predators expose them to pesticides in consumed prey and their
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high mobility brings them into contact with spray deposits. Laub and Luna (1991) showed
that when mowing was substituted for herbicides in controlling rye as a cover crop in a no-till
com field, the numbers of natural enemies in the crop increased, which resulted in increased
control of armyworms. They showed that herbicide use resulted in death of natural enemies,
diminution in consumption of treated prey, or abandoning of the crop by natural enemies.

Orchard crops are quite different from annual and parennial crops, where all of the
above studies were conducted. Orchards are less unstable because trees are not removed and
replanted each year. Vegetation on the ground beneath and nearby orchard trees constitutes a
decidedly different habitat than vegetation in the tree canopy.

Nonetheless, manipulation of

ground cover might affect numbers of spiders found in apple orchard trees in ways similar to
those observed in annual cropping systems.

In commercial apple orchards, ground cover directly beneath the trees is frequently
controlled with broad spectrum herbicides applied in May, whereas vegetation between the tree
rows is mowed throughout the season. These practices reduce weeds that compete for
nutrients, elevate humidity (which may contribute to higher disease incidence), and furnish
shelter to orchard pests such as voles. Two other more labor-intensive ground cover
management alternatives are mowing (where herbicides are not used and grasses, sedges and
broad-leaf weeds grow beneath as well as around the trees), and mulching. Mulching involves
initial removal of vegetation under the trees by mowing or use of herbicide followed by
application of hay mulch to prevent further growth of weeds.

Here, I investigated possible relationships between different types of orchard ground
cover and numbers of spiders found on trees and surrounding orchard ground cover vegetation.
I also evaluated the effect of herbicide treatments of ground cover on spiders. I asked the
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following questions. Would application of broad-spectrum herbicides under the trees lead to
decreased spider abundance on the trees? Would mulching contribute to increased spider
abundance on the trees? How would the presence of grasses and sedges versus broad-leaf
plants beneath the trees affect spiders on the trees?

3.2 Materials and Methods

I studied spiders in 1992 in two apple orchards (A and B) located at the Horticultural
Research Center of the University of Massachusetts in Belchertown, MA. Orchard A
consisted of 12 rows of 18 trees each. Six rows were composed of McIntosh and six of Red
Delicious trees. Orchard B consisted of 12 rows of 20 trees each. There were four rows each
of the cultivars Red Free, Liberty, and Priscilla. Trees in both orchards were about 3 m tall
and had canopies of about 2 m diameter.

In both orchards, azinphosmethyl was applied twice during May to control earlyseason insect pests. After May, neither orchard received insecticide but did receive behavioral
and cultural pest control practices (Prokopy et al. 1994). During April and May, both
orchards were treated bi-weekly with fungicide, including copper hydroxide, fenarimol,
mancozeb, benomyl, and mycobutanil. From June through August, the fungicides cap tan and
thiophanate-methyl were applied every three weeks.

In orchard A, I investigated effects of the three most commonly used weed control
methods on spider abundance and family composition in the trees and ground cover. These
were: (1) herbicide, (2) hay mulch, and (3) mowing. Within each cultivar the treatments were
assigned to equal numbers of trees at random (72 trees per treatment). In the herbicide
treatment, ground vegetation within aim radius around each tree trunk was treated on June
10 using recommended rates (Koehler 1994) of the broad-spectrum herbicides paraquat and
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simazine. In the hay mulch treatment, I applied the same herbicides at the same rates and time
as in the above treatment. Then I applied a 25-cm thick layer of hay mulch to cover all ground
within 1 m around each tree trunk. In the mowing treatment, all ground vegetation beneath the
trees was mowed to a height of 5 cm on June 10 and July 22. Later in the season, Festuca
rubra L. (a perennial grass commonly found in Massachusetts apple orchards) outgrew all
other vegetation and was essentially the only ground cover plant species present in the mowing
treatment. I collected spiders on six different occasions starting 16 July and ending 30
September.

In orchard B, I investigated effects of three different types of ground cover on the
abundance and family composition of spiders in the trees and ground cover vegetation. Again,
within each cultivar, the treatments were assigned to equal numbers of trees at random (80
trees per treatment). The herbicide treatment was identical to that described above. In the
broad-leaf treatment, one year prior to sampling, the herbicides sethoxydim and fuazifop-butyl
were applied to selectively kill grasses and sedges. Broad-leaf annuals (Plantago spp. and
Trifolium spp) were seeded beneath the trees to encourage the growth of broad-leaf plants. In
the grass/ sedge treatment, one year prior to sampling, the herbicide 2,4-D amine was applied
to kill broad-leaf plants and the seeding of creeping red fescue (Festuca rubra L.) was done to
encourage the growth of grasses and sedges. I collected spiders on five different occasions
starting 16 July and ending 30 August. I did not sample in September because during that time
apple pickers disturbed the trees and ground cover (apples were not picked in orchard A so that
sampling could be carried out there through the end of September).

In both orchards, I sampled for spiders on eight randomly selected trees (and adjacent
ground vegetation) per treatment per sampling occasion. The sampled trees were marked so
that the same trees would not be sampled again in order to minimize possible bias due to
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previous removal of spiders. I collected spiders from the trees by tapping two branches per tree
twice with a rubber mallet over a 0.5 x 0.5 m cloth tray. I collected spiders from ground
vegetation by sweeping vegetation outside the tree canopy but within 1 m of the edge of canopy
five times per tree using an insect net. I preserved the spiders in 70% ethanol and identified
them to family in the laboratory.

I compared the relative abundance of spiders of different families between the two
habitats (trees and ground vegetation) and between the two orchards using Fisher’s exact test
(SAS Institute Inc., SAS Circle; Box 8000; Cary, NC 27512-8000). I examined differences in
numbers of spiders on trees and orchard ground cover vegetation in different treatments and at
different times of the season using the SAS general linear model procedure with Scheffe’s
comparison of means.

3.3 Results

Across all treatments and over the entire sampling period, I collected a total of 285
spiders in orcahrd A (183 from the trees and 102 from ground cover vegetation) and 121
spiders in orchard B (67 from the trees and 54 from ground cover vegetation). The
distribution of spider families between tree canopy and ground cover vegetation differed
significantly in each orchard (Fisher’s exact test: p < .0001). Salticidae, Philodromidae,
Anyphaenidae, Araneidae and Theridiidae were the families most often present on the trees
while Thomisidae and, to a lesser extent, Salticidae were the most abundant families on ground
cover vegetation (Fig. 9).

In orchard A, collection date and treatment accounted for 34% of total variation in the
numbers of spiders found in the trees (p = 0.0001). Both treatment (p = 0.03) and collection
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date (p = .0001) had a significant effect on numbers collected. There was no significant
interaction. Spiders were most abundant on trees in the herbicide and mowing treatments and
least abundant on trees in the hay mulch treatment (Fig. 10A), but only the difference between
hay mulch and herbicide treatments was statistically significant (Scheffe’s comparison of
means, a = 0.05). In all treatments there was a numerical increase in spider abundance on trees
after mid-August with a sharp decrease on the last sampling date at the end of September (Fig.
11 A). Mean numbers of spiders collected from the trees on 16 July, 1 August, and 19 August
were significantly lower than mean numbers collected on 15 September (Scheffe’s comparison
of means, a = 0.05). With respect to spiders collected from ground cover vegetation in
orchard A, treatment and collection date accounted for 19% of total variation (p = 0.05). This
result was primarily due to the collection date (p = 0.02) and not to the treatment or the
interaction of treatment and collection date (p > 0.2). Numerically, spiders were most abundant
in the herbicide and hay mulch treatments (Fig. 10A). Their numbers remained approximately
the same throughout the season (Fig. 1 IB).

In orchard B, collection date and treatment accounted for 30% of total variation in
numbers of spiders collected from the trees (p = 0.001). Both treatment (p = 0.0002) and
collection date (p = 0.02) had a significant effect on the number collected. There was no
significant interaction. Spiders were most abundant on trees in the herbicide treatment (Fig.
10B). The difference between the herbicide treatment and the grass/ sedge and broad-leaf
treatments was statistically significant (Scheffe’s comparison of means, a = 0.05). In general,
spider abundance on the trees increased from 1 August to 30 August (Fig. 12A). The increase
was pronounced in the herbicide treatment and was slight in the grass/ sedge and broad-leaf
treatments. Treatment and collection date accounted for 48% of total variation in spider
numbers obtained from ground cover vegetation (p = 0.0001). I found significantly more
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Figure 10. Mean numbers of spiders collected from trees and ground vegetation
in orchard A (A) and orchard B (B) with respect to different ground
cover treatments. Error bars indicate standard errors of the means.
See legend of Fig. 1 for a description of collection method.
Treatments without letter in common are siginificantly different (a =
0.05).
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spiders per five sweeps in the broad-leaf plant treatment than in the other two treatments
(Scheffe’s comparison of means, a = 0.05) (Fig. 10B). With respect to ground cover
vegetation in orchard B, spider abundance stayed about the same in each treatment over the
course of the growing season (Fig. 12B).

3.4 Discussion

In the orchards studied here, use of herbicides to control weeds beneath apple trees did
not negatively affect the abundance of spiders on the trees. Spiders were more abundant on
trees in herbicide treatments than in mowed or hay mulch and broad-leaf or grass/ sedge
treatments. Furthermore, spider numbers on trees in the broad-leaf treatment did not differ
from the numbers on trees in the grass/ sedge treatment, and numerically fewer spiders were
found on trees in the hay mulch treatment than on trees in either the mowing or herbicide
treatments.

As opposed to the results obtained in our study, in an organic apple orchard in
Switzerland, Wyss (1995) observed that spider numbers on trees were greater in orchards
where strips of broad-leaf plant seed were sown into existing ryegrass between the rows of
apple trees than in orchards where ryegrass was the only ground cover vegetation present.
This result was consistent throughout the sampling period (from April to October).

Unfortunately, Wyss (1995) reported neither the family composition of the spiders
sampled in the trees nor the numbers of spiders found in the weedstrip and ryegrass mixture.
Most probably the difference in findings between our study and that of Wyss (1995) was due
to the different orchard management strategies used. In Wyss’s (1995) study, no insecticides
were used throughout the season and sulfur was employed to control apple scab. In our study, I
used insecticides early in the season and different kinds of fungicides throughout the season.
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The insecticide azinphosmethyl is known to be very toxic to spiders (Mansour and Nentwig
1988), including species present in apple orchards (Mansour et al. 1981; Wisniewska and
Prokopy, unpublished data). This fact, combined with the fact that all spider species identified
in our study (as mentioned above, I identified all adults but not immatures to species level) are
univoltine, leads us to conclude that most resident adult spiders were killed when insecticides
were applied on both trees and ground cover (via drift from tree application) early in the
season, before spider adults were able to reproduce. Most of the small and immature spiders
that I found later in the season (93 percent of all spiders collected from trees and ground cover)
would probably have been immigrants arriving in the orchards by ballooning (Bishop and
Riechert 1990). The few large adults I sampled may have walked from surrounding habitats.

In the orchards studied here, I observed the greatest numbers of spiders on the trees in
the broad spectrum herbicide treatments (Figs. 10, 11, and 12). It is possible that some spiders
may have emigrated from the “inhospitable” bare ground under the trees into the apple
branches above. Salticidae were probably most likely to do so because, at least in orchard A,
they were common on both trees and ground cover vegetation and because they are cursorial
spiders that tend to move frequently through their habitat. Spiders in other families apparently
did not move to a great extent between the two types of habitat. This is indicated by the
extensive differences in family distributions of spiders on trees versus ground cover vegetation
(Salticidae, Philodromidae, Anyphaenidae, Araneidae and Theridiidae were most often present
on the trees while Thomisidae and, to a lesser extent, Salticidae were most abundant on ground
cover vegetation). It is possible that some or most of the spiders of the same family found in
the two different habitats may have been of different species. However, this was difficult to
determine because, as mentioned above, most of spiders collected were immatures and could
not be identified to species with precision.
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According to Foelix (1982), spider species are stratified within vegetational layers.
The vegetational layers considered in our study were the field zone (vegetation 15 to 180 cm
high, equivalent to ground cover) and bush zone (shrubs and trees 180 - 450 cm high,
equivalent to apple trees) (adopted from DufFey 1962). Each zone has its characteristic
microclimate, various niches for retreats, and different prey. The differences in spider family
composition on trees versus ground vegetation observed in our study are consistent with the
observations of Foelix (1982). One must be careful, however, when interpreting our findings
because I collected spiders from orchard ground cover vegetation by sweeping and from the
trees by branch tapping. These two collection methods are obviously different and may have
been biased in favor of collecting one spider family over another (McCaffrey et. al. 1984;
Southwood 1978).

In our study, mulching the ground beneath tree canopies did not contribute to an
increase in spider numbers in the canopies. Additionally, I did not observe greater spider
abundance in ground cover vegetation next to hay mulch as opposed to ground cover
vegetation next to bare ground of the herbicide treatment (Fig. 10A). This is inconsistent with
a conclusion made by Riechert and Bishop (1990) for a garden vegetable system, where
spiders were most abundant in vegetables surrounded by hay mulch as opposed to bare ground
(tilled) or flowering plants. Possibly, the lack of positive effect of hay mulch on spider
abundance on trees and ground cover vegetation in our study may have been a side effect of
insecticide applications made early in the season. Additionally, herbicide sprayed before mulch
was applied may have negatively affected spiders living close to the ground (Eijsackers and
Van de Bund 1980). It would be interesting to find out if, in the absence of insecticides and
herbicides, spiders possibly overwintering in mulch left beneath orchard trees would contribute
to an increase in spider abundance on the trees and/ or the surrounding orchard ground cover
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vegetation in subsequent years. On the other hand, in our study spiders were more abundant
on ground vegetation where there were broad leaf plants than where there was bare ground
(herbicide treatment in orchard B) or grasses and sedges (fescue treatment in orchard B) (Fig.
10B). This agrees with conclusions made by workers who looked at spider abundance in
annual field crops (e.g,: Ahmed and Darwish 1991; Ali and Reagan 1985; Altieri and
Whitcomb 1980; Altieri et al. 1977).

In conclusion, in the two apple orchards studied here, the abundance of spiders on
apple trees did not decrease when herbicides were applied under the trees. Furthermore,
mulching or planting broad-leaf weeds or grasses and sedges under the trees did not result in
increased numbers of spiders on the trees. Findings different from these might occur if all
insecticide applications were to be withheld from an orchard. This possibility requires further
study.
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CHAPTER 4

AN EVALUATION OF THE ABILITY OF SPIDERS (ARANEAE) TO FEED ON
ROSE LEAFHOPPER (Edwardsiana rosae [L.]) PESTS OF APPLE TREES

4.1 Introduction

Studies of spider abundance and diets in agroecosystems suggest that spiders
contribute to the suppression of insect pests in field crops and orchards by inflicting substantial
density - independent mortality (Wise 1993). In apple orchards, however, the extent to which
spiders act as pest control agents has not yet been clearly elucidated.

For apple orchards in England, Chant (1956) concluded that certain spiders, especially
small species and immature stages, feed readily on phytophagous orchard mites; larger species
often confine their feeding to other orchard insects, notably winter moth larvae (Operophtera
bruceata Hulst), apple suckers (Psylla mali [Schmidberger]), aphids, and predacious bugs. In
an apple orchard in Australia, spiders of the families Theridiidae, Thomisidae, Clubionidae,
Salticidae, and to a lesser extent Araneidae, comprised 78% of predators present in the
sampled orchard and fed readily on different life stages of prey, but especially on larvae of the
light brown apple moth (Epiphyaspostvittana Walker) (MacLellan 1973). Using numerical,
serological, and forced feeding techniques, MacLellan (1973) showed that spiders, particularly
a theridiid Achaearanea veruculata (Urquhart), supported for a short period of time by
chrysopids and mirids, were able to suppress populations of the light brown apple moths to an
equivalent of less than 1% of total eggs laid each season. In apple orchards in Israel, larval
populations of Spodoptera littoralis (Boisd.) did not develop to damaging levels on apple trees
on which spiders were permitted to forage freely. On those trees from which spiders were
“eliminated” (by tapping the branches with a stick over a silken funnel, removing the spiders
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and returning all other arthropods to the trees), damage was significant (Mansour et al. 1980).
In laboratory feeding tests, spiders (Philodromidae, Salticidae and Theridiidae) found in apple
orchards of central Virginia readily consumed the most common foliar orchard pests, which
were leafhoppers, aphids and thrips (McCaffrey & Horsburgh 1980).

Rose leafhoppers (Edwardsiana rosae (L.)) are important foliar pests of apple trees
in commercial apple orchards of Massachusetts. They often are abundant in orchards from mid
August through September. Spiders, particularly Salticidae and Philodromidae, may also be
abundant in Massachusetts apple orchards during late summer (Wisniewska & Prokopy,
manuscript submitted). On some occasions, Ihave observed immature stages of both Salticidae
and Philodromidae feeding on rose leafhoppers in Massachusetts apple trees. In this study,
Iaimed to determine the extent to which selected members of these two spider families feed on
rose leafhoppers under laboratory conditions of no choice and close confinement.

4.2 Materials and Methods

I offered rose leafhopper nymphs and adults as potential prey to the most abundant
spider species collected in six Massachusetts commercial apple orchards managed under
second-level IPM practices where insecticides and fungicides were applied during the first part
of the growing season but not after early-June (Prokopy at al. 1994). Spiders tested were
immatures of Metaphidippus protervus (Walckenaer), Metaphidippus galathea
(Walckenaer), and Eris marginata (Walckenaer) (Salticidae), and immatures of Philodromus
spp. (Philodromidae).

I collected spiders by tapping tree branches with a rubber mallet over a

cloth tray. I collected leafhopper nymphs by hand-picking leaves that bore them. Many
nymphs metamorphosed into adults during the course of study. I examined the ability of
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spiders to feed on the leafhopper nymphs and adults using two types of tests: the leaf test and
the branch test.

4.2.1 Leaf Test

For this test, conducted in the laboratory in August and September of 1993,1 confined
individual spiders with leafhoppers in waxed paper cups (10 cm tall x 8 cm wide), each with a
transparent lid. Into each cup with a spider, I inserted an apple leaf kept turgid by placing its
stem in a cotton wick saturated with water. Twenty four hours later I replaced the leaf with
another which harbored three to four leafhopper nymphs and/or adults. Controls consisted of
similar numbers of leafhoppers on leaves in cups without spiders. I tested a total of 46
Salticidae and 78 Philodromidae.

I inspected the cups every 24 hours for 72 hours. I examined the dead insects under an
enlarging scope and compared their appearance to that of dead leafhoppers from the control
cups. The leafhoppers killed by spiders appeared shriveled, which would indicate that spiders
were feeding on the leafhoppers. For each 24-hour period, I calculated the cumulative
percentage of cups where I found dead leafhoppers to determine when most spiders consumed
their first leafhoppers. I used a x2 test to determine differences between treatments. To
determine if spiders consumed increasing numbers of leafhoppers over time, for each 24-hour
period, I counted numbers of dead leafhoppers and calculated the cumulative percentage of
available prey that died. I tested the effect of spider family, time spent in cups, and spider
body length (three categories: small = body length 1.5 mm, medium = body length 1.6 -2.5
mm, and large = body length greater than 2.5 mm) on the percentage of leafhoppers that were
dead in cups. I analyzed data using the repeated measures analysis option of the SAS general
linear model procedure with Scheffe’s comparison of means (SAS Institute Inc., SAS Circle;
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Box 8000; Cary, NC 27512-8000). I did not compare percentages of dead leafhopper nymphs
versus dead leafhopper adults because many nymphs metamorphosed into adults during the
course of study.

4.2.2 Branch Test

For this test, which also was conducted in the laboratory in August and September of
1993,1 examined spider feeding on leafhoppers confined on netted branches. As in the leaf
test, I included salticids (N = 20) and 28 philodromids (N = 23) that I starved for 24 hours by
holding them in paper cups containing apple leaves. I collected 25-cm-long foliated branches
from unsprayed apple trees at the Horticultural Research Center in Belchertown, MA (each
branch contained approximately 20 leaves). I transferred 12 leafhoppers (10 nymphs and 2
adults; one per each randomly selected leaf) onto each branch using a fine hair brush, tied fine
netting around each branch, and placed the branch in a water bottle. To maintain the branches,
I added fertilizer and trace amounts of Chlorox® bleach (which inhibits fungal growth) to the
water. Controls consisted of leafhoppers on netted branches held in an identical manner but
without spiders.

After 72 hours, I counted numbers of dead leafhoppers within each net. After examining the
dead leafhoppers under the enlarging scope, I again observed that many leafhoppers in nets
containing spiders were shriveled, indicating that the spiders were not merely killing the insects
but they were feeding upon them. I did not inspect netted branches before 72 hours to allow
the spiders to forage without disturbance. I compared mean numbers of dead leafhoppers per
branch across the two spider families and three spider size categories using the SAS general
linear model procedure with Scheffe’s comparison of means (SAS Institute Inc., SAS Circle;
Box 8000; Cary, NC 27512-8000). As in the leaf test, I did not compare percentages of dead
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leafhopper nymphs versus dead leafhopper adults because many nymphs metamorphosed into
adults during the course of study.

4.3 Results

4.3.1 Leaf Test

For both salticids and philodromids, approximately 90% of all individual spiders fed
on leafhoppers within the first 24 hours; mortality of leafhoppers in control cups was
significantly lower (%2 = 40.29, p<0.00001)(Fig. 13 A). After 48 or 72 hours, neither of the
spider families tested differed from the control in effect on leafhopper mortality (x2 = 0.70 , p
= 0.71 for 48 hours; \ = 8.05, p = 0.08 for 72 hours).

In the first 24-hour period, 95% of small, 90% of medium, but only 65% of large sized
spiders fed on leafhoppers (Fig. 13B). During this time, significantly more cups contained
dead leafhoppers than expected for small and medium but not for large sized spiders and
significantly fewer control cups contained dead leafhoppers than expected if leafhoppers in all
cups were dying at the same rate (x = 44.86, p < 0.0001). In the remaining two time periods,
the numbers of cups containing dead leafhoppers were not different between test groups (48
hours: x2 = 1.77, p = 0.62; 72 hours: x2 = 5.04, p = 0.17).

Cumulative percentages of leafhoppers dead per cup in control cups and in cups
containing philodromid and salticid spiders are shown in Fig. 14A. According to a repeated
measures ANOVA with independent variables of family (between subject effect) and time
(within subject effect), the two spider families did not differ with respect to consumption of
leafhoppers (p = 0.52). On the other hand, there was a significant effect of time on leafhopper
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Figure 13. Leaf Test. Cumulative percentages of cups with at least one dead
leafhopper after 24, 48, and 72 hours when spiders were grouped
according to family (A) and body length categories (B). Total numbers
of spiders tested were: 73 for Philodromidae, 46 for Salticidae (A), and
56 for small, 34 for medium, and 27 for large body lengths (B). There
was one spider and 3-4 leafhoppers per cup. There were 38 controls
that consisted of cups with leafhoppers but without spiders.
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Figure 14. Leaf Test. Cumulative percentages of leafhoppers dead per cup
after 24, 48, and 72 hours when spiders were grouped
according to family (A) and body length categories (B). Total numbers
of spiders tested were: 73 for Philodromidae, 46 for Salticidae (A),
and 56 for small, 34 for medium, and 27 for large body lengths (B).
There was one spider and 3-4 leafhoppers per cup. There were 38
controls which consisted of cups with leafhoppers but without spiders.
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mortality (p = 0.0001). Significantly more leafhoppers were dead after 24 and 48 hours in cups
containing salticids and philodromids than in control cups without spiders, but after 72 hours,
only cups with philodromids showed significantly greater leafhopper mortality than control
cups (Scheffe’s comparison of means; a = 0.05).

Cumulative percentages of leafhoppers dead per cup in control cups and in cups
containing spiders with small medium and large body lengths are shown in Fig. 14B.
According to a repeated measures ANOVA with independent variables of spider body length
(between subject effect) and time (within subject effect), spider body length had a significant
effect on the number of leafhoppers dead per cup (p = 0.0001). There was also a significant
interaction between time and body length (p = 0.0001). Significantly more dead leafhoppers
were found in cups containing spiders than in control cups in the first 24 hours, and during this
time, there was no significant effect of spider body length on leafhopper mortality. After 48
hours, leafhopper mortality remained greater in cups with spiders than in control cups for all
spider body length categories, but differences were statistically significant only for small and
medium sized spiders. After 72 hours, such differences were significant only for small spiders.

4.3.2 Branch Test

According to a two-way ANOVA where spider family and body length were treated as
independent variables, the combined effect of spider family and body length accounted for 28%
of the variation in number of dead leafhoppers per branch (p = 0.02). This was
overwhelmingly due to spider family (p = 0.02) and an interaction of spider family with body
length (p = 0.008).
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According to Scheffe’s comparison of means (a = 0.05), both Salticidae and
Philodromidae consumed significantly more leafhoppers than died in controls. Differences
between the two spider families in leafhopper consumption were not statistically significant
(Fig. 15A). Spiders in all body length categories consumed more leafhoppers than the numbers
that died in controls (Fig. 15B), but the difference was not statistically significant for medium
sized spiders. There were no significant differences in leafhopper consumption among the
three body length categories, but numerically, large spiders consumed the greatest and medium
sized spiders the least number of leafhoppers per branch.

4.4 Discussion

Irrespective of whether I measured leafhopper mortality in the small confined
environment of a paper cup or in a larger, less restricted environment of a netted branch, I
observed the same result: the presence of spiders of the families Salticidae and Philodromidae
had a significant positive effect on mortality of rose leafhoppers. Although measured only in
leaf tests, this result was true irrespective of whether the criterion was the percentage of
spiders feeding on leafhoppers or the percentage of leafhoppers eaten by spiders. Therefore, it
may be concluded that under laboratory conditions, spiders of these two families are capable of
consuming leafhoppers.

This result is in agreement with my field observations as well as

findings obtained by other workers in other agricultural systems.

Based on direct field observations in peanut fields, Agnew & Smith (1989) concluded
that spiders were capable of consuming potato leafhoppers (Empoasca fabae Harris) and
three-cornered alfalfa hoppers (Spissistilus festinus [Say]). These spiders, however, were
mostly Oxyopes salticus Hentz (Oxyopidae), a species not tested in my study. Salticidae and
Philodromidae were not abundant in the peanut agroecosystem studied by these workers.
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Figure 15. Branch Test. Mean numbers of leafhoppers dead per branch
when spiders were grouped according to family (A) and body length
categories (B). Total numbers of spiders tested were: 28 for
Philodromidae, 20 for Salticidae (A), and 14 for small, 18 for medium,
and 15 for large body lengths (B). Each branch segment contained 12
leafhoppers. After 72 hours, numbers of dead leafhoppers were
recorded. There were 21 controls that consisted of 12 leafhoppers
enclosed on branch segments without spiders. Error bars indicate the
standard errors of the means. Treatments without letter in common
are significantly different (a = 0.05).
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5.0

Using precipitin tests, Rothschild (1966), Solomon (1973), & Waloff (1980) concluded that
spiders were the dominant predators of grassland leafhopper nymphs and adults from late July
onward. WallofF (1980) discussed several other studies in which spiders have been identified as
predators of leafhoppers. Yet, none of these studies list Salticidae or Philodromidae as
dominant spider families. Letomeau (1990) observed that when squash was grown in
polyculture, the number of Eh gone spiders (Micryphantidae) increased and the number of
Empoasca leafhopper adults (but not nymphs) decreased. This suggests that under conditions

of polyculture. Eh gone spiders may have a negative effect on abundance of leafhopper adults.
In a grassland, Waloff & Hassell (1982) observed that population density of spiders increased
as the population density of leafhoppers (Cicadellidae and Delphacidae) increased, indicating a
numerical response of spiders to leafhopper density. Only McCaffrey & Horsburgh (1980)
found that spiders, including Philodromidae and Salticidae, were able to feed on nymph and
adult leafhoppers in apple orchards. They concluded that spiders were able to feed on both
leafhopper nymphs and adults. However, they identified the leafhoppers only to subfamily
level (Typhlocybinae) and they conducted their tests under very artificial conditions (petri
dishes without leaves).

Here I report that, in paper cups containing a leaf, both salticid and philodromid
spiders fed on leafhoppers to a significant degree during the first 24 hours; but after 24 hours,
leafhopper mortality in cups containing spiders decreased, suggesting either that the spiders
were satiated or the leafhoppers were not preferred prey items, or both. Numerically, small
spiders consumed the most and large spiders the fewest leafhoppers. This would support a
hypothesis that leafhoppers were not preferred prey items of the spiders tested here. However,
the leaf tests were performed under confined and artificial conditions that may have affected
the behavior of spiders of different species and physiological states (immatures at different
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stages of development) in different ways, either by inhibiting or enhancing their ability to feed
on leafhoppers. For example, adult leafhoppers had no place to which to escape and tended to
accumulate near the lids of the cups, where light was greatest. The majority of spiders also
aggregated in these areas, which resulted in the predators and their prey being in unnatural
proximity.

A netted branch is clearly a more natural environment than a small cup for foraging
spiders. Here, greater weight should probably be placed on the branch test results. Although
there were no significant differences, a trend existed where large spiders consumed the most
leafhoppers and small spiders the least. This suggests an increased ability of larger spiders to
kill leafhoppers, possibly due to their greater agility and ability to handle pray.

Overall, my findings suggest that salticid and philodromid spiders are indeed capable
of preying upon rose leafhoppers and that this capability may vary according to environmental
conditions and other possible factors not tested here, such as physiological state and /or species
of spider. To what extent this capability is expressed under apple orchard conditions remains
to be determined.
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